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Gas discharge in a large volume laser with close-cycle convective cooling; p=50 Torr; u=230 m/s; CO2:N2:He=1:6:12 N. A.Generalov et al, 1977 Streamer-leader transition u anode cathode Current contraction in Air: h=10 cm, p=35 Torr; u=100 m/s; n e,0~1 0 9 cm -3 From: Velikhov et al, 1982 Current Contraction Gallimberti [1979 Gallimberti [ , 2002 and later Bazelyan et al. [2007] suggested that the formation of a leader is governed by the contraction of a streamer flash current into a small radius channel
Contraction velocity: 1 -100 m/s
Much slower than typical streamer velocity (10 6 m/s) !!! 4
Motivation and Objectives
The objectives of this work is to develop a self-consistent theoretical model which will allow us to:
Predict the critical conditions for contraction caused by the ionizationthermal instability Conduct qualitative and quantitative study of the spatial and temporal evolution of current contraction in a molecular gas flows Carry out parametric study of contraction Study of possibility of generation of multiple hot channels in fast nonequilibrium weakly-ionized gas flows 5 Thermal-ionization Instability Increase in pressure initiates gas dynamics that reduce N Increases E/N on the channel axes, thus increases
Plasma perturbations produce Joule heating, increases T and P in the gas
Schematic of the discharge Gas flow along z-axis V 0 =V sh +V PC +IR We assume V sh =const during the process of contraction where T 0 =300 K; N 0 corresponds to the chosen pressure and
The equation for the gas temperature: Hysteresis regime of contraction: a uniform "cold" glow discharge can be forced to contraction in a designated time and place.
N 2 at P=100 Torr
Measured I-V characteristic of glow discharge. Open circles correspond to steady-state partially constricted discharge. Contraction in weakly-ionized Air flow in plain 2D geometry
Basic Equations

15
Air; p=100 Torr; L x =2 cm; y max =2 cm; s I = 10 mA was chosen. Under such current the discharge will certainly contract, i.e. the stratification along the coordinate у transverse to the current occurs. n e =1.5x10 9 cm -3 ; n -=1.7x10 10 cm -3 ; n + =n e +n -
The voltage applied to the discharge gap is 4.36 kV, while the source voltage V 0 = 9.36 kV, and the load resistance R = 500 kOhm.
Assumed Conditions (Air): plain 2D geometry 
